Cooperative and indispensable roles of endothelin 3 and KIT signalings in melanocyte development.
The development of melanocytes from neural crest-derived precursor cells depends on signaling by the receptor tyrosine kinase KIT and the G protein-coupled endothelin receptor B (EDNRB) pathways. Loss-of-function mutations in either of these two signaling receptor molecules cause a loss or a marked reduction in the number of melanocyte precursors in the embryo and finally lead to loss of the coat color. Using cultures of embryonic stem (ES) cells to induce melanocyte differentiation in vitro, we investigated the requirement for EDNRB signaling during the entire developmental process of the melanocyte, in association with that for KIT signaling. During the 21-day period necessary for the induction of mature melanocytes from undifferentiated ES cells, endothelin 3 (EDN3), a ligand for EDNRB, increased the number of melanocytes in proportion to the period during which it was present. We tested the compensatory effect of EDNRB signaling on KIT signaling in vivo by using Kit(W-LacZ)/Kit(W-LacZ) ES cells and confirmed that the ectopic expression of EDN3 in the skin reduced the white spotting of Kit(W57)/Kit(W57)mice. KIT ligand (KITL) and EDN3 worked synergistically to induce melanocyte differentiation in vitro; however, the complete lack of EDNRB signaling attained by the use of EDN3-/- ES cells and an EDNRB antagonist, BQ788, revealed that the resulting failure of melanocyte development was not compensated by the further activation of KIT signaling by adding KITL. Simultaneous blockade of EDNRB and KIT signalings eliminated melanocyte precursors completely, suggesting that the maintenance or survival of early melanocyte precursors at least required the existence of either EDNRB or KIT signalings.